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USE OF 3,3'-POLYMETHYLENE-BRIDGED THIAZOLIUM SALTS PLUS 
BASES AS CATALYSTS OF THE BENZOIN CONDENSATION AND ITS 
MECHANISTIC IMPLICATIONS: PROPOSAL OF A NEW MECHANISM 
IN APROTIC CONDITIONS 



Francisco Lopez-Calahorra*, Joscp Castclls, Laura Domingo, Jo.sep Mariu and 
Josep M. Bonn 

Deparnimenr dc Quhnica Ori^anica, Universitat dc Barce/ona, Mavrt i Franques, 
i'lL ()i<02H Barcelona, Spain 

Abstract- 3,3'-Polymcthylenc-hridgcd thia/.olium and bcnzolhiazolium salLs are 
used as precalalysts for ihe bcn/oin condcn.salion and il is found that catalytic 
activity depends strongly on the methylene bridge length. This result supports our 
previous postulalion that, at leasi in strictly aprotic medium, bis(thiazoIin-2- 
yiidene)s, and not lhia/olin-2-ylidenes, are the calalytic species in the benzoin 
condensation cataly/ed by thia/olium salts plus ba.se. As a ci>nsequence, a new 
mechanism based in experimental dala and AM 1 calculations is proposed. 



The benzoin condensation can be cataly/.ed by cyanide ion,'"-' thiazolium salts (1) plus bases,"^ (^r 
. * bis(lhiazolin-2-ylidene)s (2)/*^ Dcproionalion of ihia/olium ions anV)rds thiazoIin-2-ylidcnes (3) which, 
accttrding to ihe classical proposal ol' Breslow, would be the actual calalytic species in the ben/oin 
condensation (Scheme I) and related reactions. 
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Howev., i, i» well known"- Uu., when adclins a hase .o a .solution „f .Hiaz.,lium sal, 
Tm ,"3 a, Should fo^cd ,„ .„>„ h, „„ele.„hi,le auaek o. ^ ^ 

2-yl,d.ncs (3) on the snn-onnding .hia,.olu,m ions (see 11™ pan of Scheme IV); funhcrmon... i, is also known 
, so.e eases, .eacion o, a His,a,„lin-2.ylidenc, IW i^sunec. U.,raan.inoalkenes. wi.h an elee,X 
S v.s .he same dcnvauve U,a, would he e,pee,ed ,n„n din:e, n:ac.i.,n o, ,he parcn. azolin-2-y,ide„e and .he 
'" ™"T..unds so e,o.sely .la.d ,„ .he e«Wit 

azol.n-2-yl.dencs ,ha. .hey an. .n..M„en.,y referred u, as .heir -dimers-; we will loMow ,his prac.iec hi The 
n,echan,sn, lor Uns hehavionr was p,opo,.d hy U-.al-. and i. has l.en ex.rapola.ed wi.ho„. p^.^ 
vdcnccs, ... „ of ,he analogous hi.s,.h,a.o,i„.2.yl,denes)s, ineludin, .he ^=„..in eo„den.sa.i n 
In a p..v.„us paper" we n..por,ed .he eon,ple,c lack of cataly.ie ae.iv„y of .hia,.„li„.2.ylidcnes geneiaied hy 
te,lyla,.on o. 2-.nn,e.hyl,si,yl.h,a.olium ions in s,rie.ly apro.ie „,edinn. and. as a h Jca, c„ns^,„e" !e 
have p„. lorward .he p„s,„la.io„ .„■ bis(.hia».l.„.2.ylidcncXs a.s .he relcvan. .speeie.s when .hiaZZ .1 
plus bases are u.sed as ealalysts" "' i„ sueh cndhioas. 'ma/olium sails 

We repon hen= experimental work on .^.r-polymchylenc-bridged .hia»,lium hromide.s la«,-his(4 5. 
d,me.hy|...-,h,a.o„„,alkane d.hromides ,5, and a.,a-hi.s,.,.hen«.U,ia»,H„,alkanc dihro„,ide.s. («ran al^. 
u,n,para„ve resuUs oNained hy usin, p..ro,™ed "dime.- ,5bis, and .ha. .shows .,„,^,";^,^Z 

depeml strongly on the methylene hrUse len};th. ^ 



N+ CH, CH, _ / \ 




X'HX" 



CH, ^ S 



5bis 
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PREPARATION OF S^'-POLYMETHYLENE-BRIoiED THIAZOLIUM SALTS (5) AND (6) AND 
THEIR CORRESPONDING BIS(THIAZOLIN-2-YLIi|eNE)S. 

After .some rather un.succes.srul attempts to preparing hiidged ihia/olium salts by using a,co-diciiloroalkanes. 
exeellent results (in many cases almost quanlitaliv/ yields) were systematically obtained by using 
a.w-dibromoalkanes as the qualerni/.ing agenis in relluxing acelonitrile and an excess ot thia7.t)le lo favour the 
desired double qualerni/.ation. Two .series of bridged thia/.«)lium bromides were prepared in this way, one 
starling from 4.5-dimethylihia/ole (.series 5) and the other from bcn/.othia/ole (scries 6); in each .series, the 
length o[- the bridge covered the range fri>m n=^ to n=8 methylene units (compounds 5-3, 5-4, etc.; 6..1, 6-4. 
etc.). Attempts to use 1 .2-dibromi>cthane as the quaterni/ing agenl led only to the i.si>Iation 
yV-(2-bromoethyl)lhia/.oIium bromide; however, |,2-bi.s(4,5-dimelhyI-.Vihia/.olio)ethane dichloride 
(compound 5-2, CI instead of Br) was prepared by conden.satit)n of .3-chU)ro-2-butanone with 
M/V'-dilhioformyleihylenediamine (prepared from eihylcncdiamine). 

The iv.sulting salts were easily isi>lated and purified with the sole exception of compiumd (5-7) the high 
hygro.scopicity of which made its manipulation difficult. All t»f them were .soluble in methanol and iasoluble 
in chloroform. 

Preparative isolation of bis(thia/.olin-2-ylidene)s iV.rmed by adding ba.ses to thiazolium salts solutions is 
pos.sible only \\ advantage can be taken ol their eventuii>,inst)lubility in the reaction medium. To avoid this 
important limitation an alternative general method wa.4 developed by us'^ which consists in pa.ssing a 
meihanolic solution of the thia/.olium .salt through a strt)n;ly basic ion exchange ct>lumn. thermo.slated at 0 
"C, in an inert atmosphere and collecting the eluted .solt litms tiver 3 A miilecular sieves. .Solvent is then 
removed in high vacuum, low lemperauirc and under an iW aimo.sphei-c. This methodology has been here 
applied to sails (5) and (6): halogen-frce. oily, .soluble in chloroform and in hot dii»xane (in conlra.st to the 
insolubility of the parent thiazolium salts) and calalytically active products were obtained in all ca.ses. 
The main purpo.se in pivparing "dimcr.s" (5l>is) and (6bis)w^.s to compare their catalytic activities with those 
of the parent bridged thiazolium .salts (plus base) bitTsnme^new spectral infomiatiiin""* on these highly 
unstable .species was also gathered. Thits. a regular peak .st^es from fragmentation of the polymethylene 
chain is a very characteristic feature in the mass spectra of .sajjj (5) and (6) (.see Experimental) but the.se peaks 
are hardly t)b.servable in the mass spectra <»f "dimers". <;;^ 

The '^C nmr spectrum of "dimer" (5bis-.3) (a neutral specic|^howed, relative to that of the organic moiety ol 



(5-.3) (a diposiiive ion), the expected upfield .shift of icrtiar 
DM.SO solution, a peak at 156.1 ppm. corresponding to 
Fiszure). and two mine signals at 142.0 and 133.2 ppm due 
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XMTiatic carbon signals. Thus, the salt shows, in 
iwt) equivalents carbon atoms 2 and 2' (see 
he iwo groups ol* equivalent carbi>n atoms 4-4* 
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and 5-5 . When sodium hydride is added such peaks disap, r and appears a new .set of signals a, 116 0 and 
J28.4 ppm corresponding to quaternary carbon atoms 4-A and 5-5\ displaced at higher Held because the 
disappearance ot the charge in the formation of the bis(th^ z >lin-2-ylidene) system (type 2 structun.) and a 
clear signal appears (carbon 2 and 2') at 114.0 ppm,. in q .c lient concordance with d.e value de.scribed by 
ordan tor the, so called, "symmetric dimer" or bis(thia^ >1 n-2-ylidene)s; this is the demonstration of the 
tormation ot the his(thiazolin-2-ylidene) in ba.sic condition.^^ fr.>m bridged thiazolium salts as the sole product 
obsei-ved. * 

CATALYTIC ACTIVITY IN THE BENZOIN CONI| ESSATION OF 3.3-.POLYMETHYLENE. 

Bl^zolr™. "'"^ ' °' ™^ CORRES ™G 

B IS(TH lA ZOL IN-2- YLI DENE)S. 

Be„.oi„ c.,ndc„.sa,K,„ <:a,aly,ic ac,,vi,y was measured hy ^. yield in bc„.„i„ „hu>i„ed under .he .strictly 
c,,„ mlled w.,rk.„g c.«dm„n.s ateady cmpl„ycd in U, desilyia.ion s.udy o, ..-nichyl-j-rimchyl 
.Mlylhen»«h,azoh.,„, ttinu.m,mc,hanc.s„lph„„a,c." » Yield, clleced in ,he Table u.eether with Ihosc 
l7r.T Tr"T'"' "-''VHhia»,l„,m (I. R,=R,=R,. CH,, i„didel 

Tdli !Z ''h" "'V"""'""' ^'^ "'<=y "..o solution alter 

(6b, , the M,luh,l,.y „, Which has been mentioned aln^udy; .n the other hand, i. Ls dinicult .„ i^agi™. that 
solub ,sat,o„ eould K= due to tot^at.on of linear "dimcrs- .s, a.s A. the end of the runs, alter cLin 
crystall.ne pree.p.ta.e of diisopropylethylam.ne hydroh„.,nid, v-a., i,so,ated. In experiments 6-.VA and 
e y ."-K,Me h.,H melt.n, <> .aierials we. isol, ... whieh aecot^in, to dteir m,s (peak at 

la 'J::, 1 """" ' "..lymeric str^^tu,., ,no such 

mateiials were isolated in experiments 6bis-.VC and 6bis-4/C) 



CH, fj+ 




,x> ..x.>=<:[ 



CH3 s 



CH, -CH, 

9 




CH, 



The nttelear ex^rin,en,a. t^snlts atv those of ,«rie.s 5/A and « A. A.s expected'' benzothiazoltutn .saRs afford 
much poot^r ben.x.,n yields than .simpler thiazolium sa.Ls but i„ both series the behaviour is very similar 
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Table. Benzoin condensation catalytic activity of 3^3, Folymethyiene-bridged thiazoiium salts plus 
bases and the corresponding bis(thiazolin-2-ylidene)s. 
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0 
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5bis-6 






69.4 




5bi.s-7 






64.1 




5hi.s-X 






53.9 
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6 
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0.8 






I.X 
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1.3 






(».y 


6-5 


15.4 






1 1.0 


6-6 


26.8 






14.7 


6-7 


11.7 






2.1 


6-S 


1.4 






4.3 


Kbi.s 






5.7 




6bis 










6bis 3 






1.9 




6bis 4 






14.3 




6bis-5 






1.3.6 




6bis-6 






25.6 




6bis 7 






14.9 




6bis K 






9.6 





Gas chromatographic ben/oin yields (sec Experiinenlal) u d^r the tbi lowing conditions: A) 4.9 mmol of 
benzaldchyde; 0.49 mmol of salt (0.98 lor 7 and 8); 1.4 mm I :)1 DIEA; 5 ml of anh. dioxane; 101 ^^C; 24 h.; 
argon aim. B) 4.9 mmol of benzaldchyde; 0.05 mmol of : il (0.1 lor 7); 0.14 mmol of DIEA. Working 
conditions as in A). C) 4.9 mmol of benzaldchyde; '•dimer" )r spared from 0.49 mmol of salt (0.98 for 7 and 
8). Working conditions as in A. D) Conditions as in A) but cl| uging relluxing dioxane by relluxing ethanol. 

Comparative experiments conducted under a variety of cont liL>ns confirm the above results. Experiments in 
column 5/B, in which the proportion of catalyst was smallc , and in column 6/D, in which ethanol was the 
solvent instead of dioxane, .show the same trends, respecliv b\ than in 5/A and 6/A. The experiments with 
pre-formcd "dimers" (columns 5bis/C and 6bis/C) al.so a \i rm these trends. An interesting point is the 
different behaviour of 5-8 and 5bis-8. The yield obtained fr n^ 5-8 is abnormally low, probably because the 
difficult formation of the dimeric system in conventional udilions, due to the members of the resulting 
cyclic system. But when 5-8 is previously convened into Ibis-8 the observed yield fits perfectly in the 
stati.siical distribution. In relation to the abnormally high yi :l j observed when 5-3 is used in conventional 
basic medium and the normal one observed from 5bis-3, an; o^ous explanation is applicable. The correction 
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of such abnormal behaviours when the sahs arc converte I into its corresponding bis(thiazoIin-2-ylidt 
could be considered as a proof of our slatcmeni. 

The dear influence of the methylene bridge len\*rh on reoy rim yield si4pports our previous posndarion 
hix(thiazolin'2'ylidene)s (2), and not fhinzolin-Z-ylidenes are the real catalytic species in the hen 
condensation catalyzed hy thiazolium salts in basic tnedium it cause in the reported cases the formation ol 
bis(thiazolin-2-ylidene) system gives rise to diaza-ring t »r; nation and the obvious thing is to base 
explanation of that dependency on the relationship betwec >ize and properties (stability, ease of formal 
etc.) of the new formed ring. As a logical consequence of ht present results in this and in previous paf 
and with the aid of theoretical calculations, we reinforce ot proposal ^ of a new mechanism for the ben: 
condensation. 

A NEW MECHANISM FOR THE BENZOIN CONDEN >^ TION 

We have applied AMI calculations to determine ihcrmod^ umic parameters of significative species in 
.studied processes; such parameters and some imporlanl geometric characteristics of inlennediales 
collected in the following figures and schemes. To dispose ( ' iiiunogeneous data, we have also calculated 
heats of formation of formaldehyde (-31.5 kcal/mol) and glj rialdehyde (-X5.7 kcal/mol) by AMI theoret 
calculations. 

A: ATTACK OF THE CONJUGATE BASE OF A THIAZ( 1- UM CATION TO AN ALDEHYDE UNIT 
ATTACK TO OTHER UNIT OF THIAZOLIUM CATION WITH FORMATION OF 
BIS(THIAZOLIN-2-YLIDENE). 

As repeatedly indicated, the benzoin condensation is carried o n by placing in a basic medium a thiazoli 
cation and an aldehyde. In such basic conditions the conjui it: base of the thiazolium cation (3) is form 
This species (3) is a nucleophile and can react with the twc e eclrophiles present in the reaction mediun: 
thiazolium cation (1), or an aldehyde unit (Scheme II). 

R R, 




Dimer 



vSchemc II 
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The attack o( (3) to a formaldehyde, first step of the Bresl u \s mechanism, has a AH^. = -2.7 kcal/mol and a 
AEj^., = 2.1 kcal/mol; formation of the dimer has a AH^ = • 1: 3.5 kcal/mol, if we consider the process OH" + 
Tz*-H + Tz* Tz=Tz + HjO, while the process Tz** + 1 //-H Tz"*'-Tz-H (formation of the intermediate 
species between the thiazolium cation. Tz*-H, its conjug ic base, Tz**, and ihe dimer) has a AH^^ -42.2 
kcal/mol and no appreciable activation energy. In other vords, from the conjugate base of a thiazolium 
cation, the formation of the dimer from the conjugq ^ base of a thiazolium cation is faster and 
thermodynamically much more favorable than formation ol ll e first intermediate in the classical mechanism. 
However, as all these are equilibrium processes, if the rest i f aeps in the Brcslow mechanism would be more 
favorable, this could operate. 

B: THEORETICAL STUDY OF THE BRESLOW MECH/^ M SM, 

Wc have calculate all the parameters of the Brcslow mcchq »i:.m, and they are represented in summary in the 
Figure 1. From the calculated values of AHj of the significi li 'c structures, it is deduced that the slate named 
as C in Figure 1 (the carbanionic-enol intermediate of Br% >\ )w (11) plus formaldehyde) is the most stable 
stale in the global theoretical reaction, and consequently sin u d be the end point in this process. In fact, such 
intermediates are tautomeric structures of the known 2-ac lihiazolines (13) stable and isolable molecules: 
Metzger*" has described the preparation of .'^-melhyl-2-b< n::oyihenzothiazolinc by the reaction between 
hen/aldehyde and .Vmelhylben/olhia/olium salt plus irietl^ /limine, with 70 % yield, that is to say, in the 
ben/.oin condensation conventional cimdititms, in total agree n ni with our ihcmiodynamic-based reasoning. 
Furlhennore, in reference to such structures (13) Wan/lid showed to be inactive in neutral conditions in 
one case, to have some activity in other, and to have an ^rhanced activity if the compound is placed in 
pyridine as solvent. If these such compounds were the real n ermediaies, they would be able to tautomeri/e 
easily to the enol-enamine foirn, and, in this way, they w( il J have nucleophilic character enough over the 
exocyclic carbon atom to attack to a new Ibrmaldehyde Ti;>Iccule in the way proposed in the classical 
mechanism, and such characteristics would be present in jII cases. We de.scribed*^ that the nucleophilic 
position, if any, in the enol-enamine structures would be C- », the olefinic carbon atom directly linked to the 
sulfur atom. Moreover, to have some activity in one case is r )t an evidence of the character of intermediate of 
structures (13): we think that it only proves its instability. Ir our view, if a 2-acylthiazoline cataly/Ais the 
reaction it is because decomposes into their precursors in ihj conditions of reaction, generating indirectly the 
corresponding dimer. This decomposition is strongly suppi rt:d by the reported enhanced activity in basic 
medium, because, as it is represented in the Scheme III, sucj 1 -acyllhiazolines must lo.se the acidic proton in 
C-2 by the action of the pyridine, tautomeri/e to the enol-en nr ine fonn, decompose into thiazolin*2-ylidenes 
(3) and, via finmation of thiazolium cations and reactiims bvj N^cen the two species, the corresponding dimers 
must to be foiined. 

Summarizing, the ct)nsequences of the previous reasoning ai a/ the stability of the Breslow's intermediates 
(13) is very high, and the reaction cannot progress towards I e condensalion becau.se it is thermodynamically 
impossible; and b/ the observed, fw/y in (me caM\ activity c *a molecule of type (13) is perfectly justifiable 
from our mechanistic proposal. 



'^^fTnt^'rnii^fi^rrlrr hut irrelevant, formal aspect is the predicted 't>!iceried character of the step from the Breslow 
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H H n + 
H H 



H 



H 

N-" ()-() 



H H 



12 



H 

N+ 



(f + CHjOH-CHd 



3 10 11 12 

AHf (kcal/mol) 70.3 .16.1 -2.4 -17.6 

Figure 1. Thermodynamic parametens (kcal/mol) ol (he Bre.sl, w mechani.sm calculated by the AMI method 
intermediate to the immediate precur.st»r of the llnal product (.s, e step D in Figure 1) if, he reaction could take 
place, behaviour different of the described for the cla.ssical bcij u in condcn.sation v^ith cyanide ion a.s catalyst, 
and in the calculated by u.s from bi.s(thiazoIin-2-ylidene).s. 

C: THEORETICAL STUDY OF A NEW MECHANISM OFi THE BENZOIN CONDENSATION BASED 
IN THE BIS(THIAZOLIN-2-YLIDENE)S AS REAL CATALj ijlC SPECIES IN APROTIC MEDIUM. 
Our mechani.stic proposal, alniady published'^ in its general d^lincs, is the one represented in Scheme IV; 
thermodynamic and geometric parametei's ol' intermediates arc j iven in Figunis 2 and X 
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Scheme III ; 



II is imporianl to observe some interesting characteristics c * he calculated structures of the intermediates. 
The first is the non-planar ^leometry ol the bisthia/.ole unit ii; the intermediate in the process of formation of 
the dimer ( 'asymmetric dimer * in the lerminohigy of Jordaij ), and in all the intermediates of the catalytic 
process except 16: this supposes a clear yeomelrical disloj li<Sn in the f<)rmalion of the dimer from their 
precursors, and analogously, in the formation and evolution | if- the intermediates. These geometrical changes 
must be one of the most important reasons to explain the j ^lititm yield-length of the bridge between two 
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Scheme H 

thiazole moieiies (see general sti uciurc 18). 

'■"•^•"^'^ 'he prcpcKsed mechanism is the ^ery high stabiliiy <,f the carbanion (15). more 
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T/.=T/. + 2CH2()i |CH2()+14 



CH2() + 15 
H 



I 



17; 
J 



!T/.=T/ + CHjOH-CHO! 



K 



Figure 2. Thermodynamic paramclcrs (kcal/mt»l) ol ihc K; i/uiii condcn.salion caialy/cd by bis(ihia7.()Iin- 
2-yIidcnc).s calculated by the AMI meUn>d. .Si rue lines {U 15. 16 and 17 ) as represenied in Scheme V lor 
R = R,= R2 = R, = H. 



stable than the oxaniun (16) in 21 kcal/mol; tlic reason co| \c be the almost parallel disposition of its lull p^ 
orbital and the positively charged n system ol the tliia/.olin n moiety in the intermediate with the con.sequeni 
stabilizing orbital interaction. In lact. the presence (il thi.s c| aiged aromatic thia/olium ring in this and others 
intermediates would be the explanation ol their slabilj y and the thermodynamic justification of the 
mechani.sm. 

From the kinetic standpoint, the reaction between the tw(| uicharged initial .species, the dimer (2) and the 
aldehyde, commonly accepted as possible from Lema! woij , ;md the proton transfeivnce in the oxanion (14) 
to yield the carbanion (15), present e.s.senlially the .same aclj /;lion energy. In the ca.se of aromatic aldehydes, 
the relative stubility of the last kind of intennedialcs would I -e still higher becau.se of the extra .stabilizalinn of 
the negative charge by resonance with the aromatic rin^ ind we can expect a lower, more favorable, 
activation energy. In any ca.se. the present numerical valii s; refer, as obvious, to a reaction in gas pha.se; 
probably in a protic medium all these energy ban iers would \ eimuch lower. 

Another important aspect to consider is the confoiTnational \ iinge from carbanion (15), with the two thia7.ole 
ring almost pejTiendicuIar. to intennediate (16), in which .suq i lings are approximately in the .same plane. The 
rea.son of such conformational chaniie is, very probably, the •it.'ric interaction between the growing chain and 
iio: ixiii!!^2i*i«88A"l:; ^P^^-'^I'V- i-'li-'cin)static repulsion be w.-en the new negatively charged oxygen atom 
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Intermediate 14 

AHf =69.4kcal/mol 
<Sh>= 1.259 
Dihedral angles 

O18-C17-C2-C1 

Ci7-C2-C|-S3 

Bond distances (A) 



73.9° 
-108.5» 
-39.5'» 

1.47 
1.56 




Intermediate 15 

AHr = 48.5kca]/mol 
<S^>= 1.234 
Dihedral angles 

0,8-6,rC2-C, 

Bond distances (A) 

Intermediate 16 

AHf=28.9 kcal/mol 
Dihedral angles 

Ol8-C,7-C2-Ci 
Ci7-C2-C|-S3 

Bond distances (A) 

Intermediate 17 

AHr= 22.4 kcal/mol 
<S^>= 1.265 
Dihedral angles 

^4-C2-Ci-S3 

CJ7-C2-C1-S3 
Bond distances (A) 

^17-^20 



64.8° 
-50.0° 
-50.5° 

1.48 
1.49 



-7.3° 
-54.7° 
-126.8° 

1.51 
1.55 
1.59 



68.7° 
-81.7° 
-48.6° 

1.48 
1.56 
1.54 





BNSDOCID: <XP 214ie88A_l_> 



V 



HETEROCYCLES, Vol. ; T. No. 3, 1994 ^59^ 



and ihe two electronegative utoms. N and S. in ihc non an 
dihedral angle between the two thiazole ring w«)uld be abc 
U>oked for different geometries for 16, but it has been 
reaction hypersurface. The last step, in wliich the interm< 
negligible activation energy. 




rralic ring, interaction that would he present if the 
Jt 90". as in the re.st of the intermediates. We have 
npo.ssible to localize a different minimun in the 
diale (17) gives ri.se to dimer and benzoin, has a 




19 



In a certain moment t)f our studies we believed thai llie tricyclic compound (19) could be as good a 
candidate to be a key iniermcdiatc of ihc process as carh nion (15). We have ivjected such idea hccau.sc. 
aliht)ugh its ihcnnodynamic siabilily is ihc same (AM,= 4> 5 kcal/mol). we have not been able U) link such 
supposed intermediate with the anterior and llic posterior 11 ,rmediales ihrt)ugh rca.s.)nable iransiiion slates, 
probably because the inadequate lopol»)gy of ilie tricyclic .1 nip«uind. However, the relative stability of 19 
converts it in a good candidate <»f future mechanistic and > /i tlietic studies, as pt..ssible indirect precursor of 
the carhanionic iniermediaie (15). 

DISCUSSION OF SEVERAL DESCRIBED PROCESS :S RELATED WITH THE BENZOIN CON- 
DENSATION AND THEIR JUSTIFICATION FROM T II- PROPOSED MECHANISM. 

Al this point in the discii.ssi()n it might be interesting ij point t)ut .several facts, that, although dt) not 
demonstrate pioperiy our proposal, they can be ' easily explained from the hypothesis of 
bis(ihia/.olin-2-ylidene)s as real catalytic species in this grou, t f reactions. 

Rastetter al.. described'^ the reaction between ^-benzyl-2-(a-hydroxycthyl)-4-meihylthiazolium 
leiranuoborate (2(>) and different disulfides in the presence fa ba.se. As the authors indicate 2(» is. in fact, a 
protonaied Breslow intermediate (4), and lliis product deco^ ipo.ses when treated with a ba.se in acetaldehyde 
and the ct>njugate ba.se of the ihia/.olium cation; the conjugij e ba.se attacks disulfides affording thiols and the 
thiazolium salt substituted in 2 by a sulfide as the main proj m Is of the ivaction; however, also thioesters are 
i.solated to .st)me extent, but always in low yields. It is p«i s ble to explain lhe.se facts using i.ur prop(..sal 
(Scheme V): the .salt (20) decompo.ses, as the authors dcscii u'd. aflbrdiiig species (21). of the .same kind of 
(3); this acts as a ba.se, taking a proton froin 2«. fonning : !u. ct>rresponding thiazolium .salt (22); the new 
species (21) formed reacts with the former thiazolium calioj (22). and a bi.s(thiazolin-2-ylidene) unit (23) is 
formed, that reacts with the acetaldehyde now present j i the medium and the acyl anion equivalent 
intermediate. f<iiTned in the way propo.sed by us. reacts with tj e disulfide leading the thioester. 
Analogously, wc described in previous paper'^! liat when -'^-benzyl-2-(a-hydroxyethyl)-3.4- 

^^^^^^^^^l^^}}^ <24). a salt very similar to 20, i.s iicated tmder the reaction conditions with an 
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y 



Ph 



OH CH, N+ 



20 



Ph 



Ph 



S 
21 




S 

22 



Ph 



^ -'"'3, N+ 



CH, N+ 



+ CH,C 



21 



R - S 



21 + 22 



Ph 



*-"^-^N N^^CH, 

* C>=< J 



s s 



23 + CH,CH() + RS-SR 



() 
If 

RS-CCH, + RSH 



Scheme V 

aldehyde dilTerent t., acetaldchyde, Ihe isolated ccmpoimd is 
intermediate of the acetaldehydc to the new aldehyde, as ii n 
reaction product is a mixture ol" lour acyl<.ins in approximal 
process is (Scheme VI): J decompositi(»n ol" the Breslow intei 
unit of lhiazolin-2-yIidcne; hi conversion ol this to a 
bis(thia2olin-2-ylidene) from a thiazolium cation and a newly 
reaction between the two aldehydes, yicJdini? the lour p(,ssible J 
the lacLs described by Rastetter and with ot.r mechanistic propo.^ 
An important fact de.>«:ribed by us'^' is that the 3-f{/?;-2-buiyli 
-atalyze the benzoin condensation at 30"C in methanol; howev^i 
t IS to say. a salt with the same bulky group over the nitrogen aj 
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not the lusuh of the attack of the Breslow's 
JM be if the old mechanism was coireci; the 
y the same proportions, in other words, the 
n<'.diate with liberation »)f acetaldchyde and a 
ihiazolium cation; c/ formation of the 
»rmcd thiazolin-2-yIidene; and d/ the crossed 
yloins. in a result which is in agreement with 
1. 

4.5-dimethylthiazolium iodide (25) does not 
• the 3-((/f;-2-buiyl}-thiazolium iodide (26). 
)ni but without the methyl groups in 4 and 5, 
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^ Dimcr 



PhCHO 



1 



Bcn/A>in condensation 



Scheme VI 



yields KM) % of benzoin. Our explanalii>n is lhal in Ihe case (ij 25 the methyl in position 4 forces the system to 
exist in conformation B (see Figiiie 4) and in such con| umation the ethyl groups do not permit the 
approximatitm of the two rings to form the bis(thia/.olin-2-]j i( ene). In sail (26), however, the absence of a 
methyl group in position 4 enables the existence of confon aUon A (or any other), the catalytic species is 
formed, and the reaction takes now place. 



Confoimation A 




25 



H 

"••••I 




CH; 



Conformation B 



Figure 4. Conformations of the compound (25). 
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CONCLUSION 



In the present paper, new experimental data aix: pivsenj 
bis(thia2olin-2-ylidene)s (2) play a key role in the ben^ 
conditions; furthermore, theoretical AM 1 calculations sho; 
thermodynamically reasonable. On the other hand, 0 
intermediates should be in such conditions end points 
reaction between thiazolin-2-ylidenes and aldehydes. Ti\^ 
experimentally established lack of catalytic activity when ! 
that preclude the formation of bis(thiazolin-2-ylidene)s. 



X that give support to our previous claim that 
)ii condensation and related processes in aproiic 
' hat our mechanistic proposals are kinetically and 
n plementary calculations show that Bresh>w\s 
a chemical reaction, and not iniennediates in the 
s theoretical result is in full agreement with the 
hja/olin-2-ylidcnes are generated under conditions 



THEORETICAL PROCEDURE 

The calculations were earned out by using the standard A Ml^^ procedure, as implemented in the MOPAC 
program.24 ^ vv^s necessary to use procedures applical^ to open-shell systems. The calculations were, 
therefore, carried out with the UHF formalism {UAMl)M Transition stales were located by minimi/.ing the 
norm of the gradient^^* and characterized by calculating oi ce constants. AH geometries were lound by 
minimizing the energy without making any assumptions. Oplitins for all these procedures are included in 
MOPAC. 

EXPERIMENTAL SECTION 



3,4,5-TrimethyUhiazoliuin iodide and 3-Methyll)enzothi^ 

quaiernizatitm with methyl iodide of 4,5-dimeihylihia/.ol an^ 

1.2- Bis(4,5-dimethyl-3-thiazolio)ethane dichloride. 1 ,2- 

dropwise to a mixiure of elhyl ihiolbrmale (XO^/ ; nmr quaj 
orthoformate (16 g; 1 10 mmol) and hydrogen sulphide^ iij 
hour, solvent was removed and the residual solid md 
dichloromethane with methanol {57* ) as eluent to give 1," 
mp I2M23*^C. Ir (KBr): 3170, 2970, 1540, 1460, 1430, 1 
4,03 (s, 4H). »^C Nmr (CD,()D); 5 190.8 (CH), 41.7 (CH.- 
peak) (M-CH^NS), Anal. Calcd for C4H.N.S.: C, 32.1; h\ 
l«.«;S,43.0. Yield, 27%. 4 ^ . . ^ 

A mixture of i,2-bis(ihioformylamint))eihanc (1.0 g; 6,76 m 
was relluxed during 5 min; almost instantaneously the initi 
solid was formed. Alter cooling, the solution was decantc 
methanol-ether and methanol-acetone lo give pure l,2-bis( 
"=2). Yield and physical properties are lound in the sequel 
series. 

a,co-Bts(4,5-dimethyI-3-thiazono). and a,CD-his(3-benz< 

Preparation of l,3-bis(4,5-dimethyl-3-thia/.olio)propanc d 
example. 

An acetonilrile (5 ml) solution of 4,5-dimeihylihia/ol (1,67 
3.5 mmol) was relluxed for 48 h. Alter cooling, ihe solution 
washed several times with ether and recry 

1.3- bis(4,5-dimethyI-3-thiazolio)propane dibromide (6, n='») 
sequel together with those for the other members. 
l,2-Bis(4,5-diiiiethyI-3-thiazolio)ethane dichloride (5 n=2 
1585, 1450, 1400, 1 190 cm ^ Nmr (CD^OD): 5 5 2 (s 4Y 
157.6 (C2), 143.x and 136.4 (C4 and C^), 52.3 (Cx), 12.6 and 
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zolium iodide. Tliese two salts were prepared by 
b^n/othia/ol, respectively. 

)iiminoethane (2.2 g; 37 mmol) was added 
li'lcation) and ethyl fonnate prepaied from ethyl 
e ccess; a white solid appeared at once. After an 
^Mial was chromalographed in silica gel using 
his(thioformylamino)ethaiie (1.5 g; 10 mmol), 
O; 1300 cm K *H Nmr (CD^OD): 5 9 44 (s 2H)* 
Ms (EI) (m//.): I4X (M), I 14 (M-H.S), X7 (basj 
5.4; N, IS.O; S, 43.6. Found: C 32.4; H, 5.5; N, 

lol) and 3-chloro-2-butanone (7.4 g; 69.7 mmol) 
I ^vhite precipitate disappeared and a new while 
md the residual solid was recrystallised from 
,if-dimethyi-3-thiazolio)ethane dichloride (5, 
:)i!clher with those for the other members of the 



hiazolio)-alkane 

Dmide (5, n=3) 



dibroniides (n = 3-8)-**. 
is given as a representative 



; 14.8 mmol) and I,3-dibrom()propane (0.696 g; 
vjis decanted and the residual solid material was 
altlised from meihanol/ether to give 
lifield and physical properties are found in the 

: mp 191-193 »C Ir (KBr): 34(M), 3060, 297() 
K.2.7 (s, 6H), 2.7 (s, 6H). Nmr (CD,()D): 5 
1 S {Cf, and C7). Ms (EI) (m/z): 252 (M-2), 224 
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(hase peak) (252-C2H4), 209 (224-CH3), 191, 156, 139, 126 (C5H7NS+CH). 71. 59. Anal. Calcd lor 
C,2H,«N2S2Cl2.2H2(): C, 39.9; H, 6.1; N, 7.7; S, 17.7; CI, 9 6. Found: C. 39.9; H, 6.2; N. 7.9; S, 17.7; CI. 
19.7. Yield: 50%. 

1.3- Bis(4,5-dimethyl-3-thiazolio)propane dibromide (5. m 3 : mp 244-245 "C. Ir (KBr); 3(HK), 2920. 1650 
1590. 1575. 1440, 910 cm '. 'H Nmr (DzO): 8 9.5 (s. 2H). • .f (i, J=6 Hz, 4H). 2.4 (b.s. 14H). Ms (EI)(m/z): 
268 (M). 266 (M-2), 238, 224 (266-C,Hf,), 205. 179. 154 C 5H7NS+C,H5). 141. 126 (C5H7NS+CH). 113 
(C5H7NS). 80 (ba.se peak) (C,H(,N). Anal. Calcd lor CnH,,,: hh^^i- C. -^6.4; H. 4.7; N, 6.5. Found: C, 36.4; 

H, 4.6; N. 6.5. Yield, 84%. 

1.4- Bis(4,5-dimethyl-3-thiazolio)butane dibromide (5, n= ); mp 179-181 "C. Ir(KBr): .3(KK), 2960, 1590 
1440. 1190. 920 cm '. 'H Nmr (CDC1,/CD,()D): 6 10.4 (s, h ), 4.8-4.4 (m. 4H). 2.6 (hs, 12H), 2.4-1.9 (m. 
4H). M.s (EI)(m/z): 280 (M-2), 224 (28O-C4HX). 168 (CsH7^ S1-C4H7), 154 (C,H7NS-i-C,H5). 141 (M/2). 126 
(C,H7NS+CH). 1 13 (ba.se peak) (C,H7NS). Anal. Calcd lor Z aHjjNjS^Br,: C. 38.0; H. 5.0; N, 6.3. Found: 
C. 38.4; H. 4.9; N, 6.4. Yield, 97%. ' 

1.5- Bis(4,5-dimethyl-3-thiazoiio)pentane dibromide (5, n= 5): mp 269-270 "C. Ir (KBr): 2960. 1590, 1460 
1440 cm-'. 'H Nmr (DjO): 5 9.5 (.s. 2H). 4.3 (1, J=7 H/., 4H) 2.4 (b.s, 12H). 2.2-1.6 (m, 4H). 1.6-1.1 (m. 2H). 
M.s (EI)(m//.): 296 (M). 294 (M-2). 224 (294-C,H,o). If < (C5H7NS+C4H7), 154 (C5H7NS+C,H0. 140 
(C,H7NS+C2H,). 126 (C,H7NS+CH). 113 (ba.se peak) (C,| 7N.S). Anal. Calcd lor C,<iH,4N,S5Br5.|/2H30: 
C. .38.7; H. 5.4; N. 6.0. Found: C. .38.9; H. 5.4; N. 5.9. Yield. - - z 

1.6- Bis(4,5-dimethyl-3-thiazoiio)bexane dibromide (5, n=< ): mp 190-192 "C. Ir (KBr): 3(MM) 2940 1590 
1490, 14(M), 1250. 1220 cm '. 'H Nmr (CD,()D): 5 9.7 (.s. 2H . 4.5 (t, J=7 H/.. 4H), 2.5 (.s. 6H), 2.5 (.s, 6H). 2.() 
(m, 4H). 1.5 (m. 4H). '^C Nmr (D,()): 6 154.2 (C). 143. 1 an ; .34.7 (C4 and C,). 54.5 (C^). 29.6 and 26.0 (C, 
and C,„), I2.X and I 1.9 (C,. and C7). M.s (El)(m//:): 310 (M). L*8. 224 (M-Cf,H,4). 196 (C^H^RS+C^H,,)- I6X 
<C,H7NS+C4H7). 154 (C5H7NS+C,Hs), 140 (CsH7N.S+< ,H,). 126 (CSH7NS+CH). 113 (base peak) 
(CSH7NS). Anal. Calcd lor C.^.Hjf.NjSiBrj: C. 40.9; H,5.5; N 6 O. Found: C, 40.7; H. 5.4; N, 5.9. Yield. 84 ';f . 

1.7- Bis(4,5-dimethyI-3-thiazuliu)beptanc dibromide (5. n= ): Ir (KBr): 2940. 2860. 1595. 1485. 1455. 1445 
cm 'H Nmr (DjO): 5 9.5 (s. 2H). 4.35 (t. J=7 H/. 4H). 2.- (b.s. I2H), 2.I-I.6 (m. 4H), 1.6-1 (m. 6H). '^C 
Nmr (CD,()D): 8 156.0 (C,). 143.7 and 135. 1 (C4 and C,), .' 4.X (C^). .3(M>, 29.1 and 26.6 (C.,. C,„ and C,,). 
12.7 and I 1.9 (Cf, and C7). Hi^ihly liygro.scopic solid. 

I. K-Bi.s(4,5-dimetliyl-3-(hiuzolio)octaiic dibromide (5. n=8 : mp 192-196 "C. Ir (KBr): 3040. 3(KK> 2960 
I6(«). 1460. 1450 cm '. 'H Nmr (D^O): S 9.5 (s, 2H), 4.4 (i. =7 H/.. 4H), 2.4 (bs. I2H). 2.2-1.5 (m 4H) I 5 

<m, XH). M.s (EI)(m//.): .340 (base peak) (M-t-2). 2X6. 22< (CsH7N.S+C,<H,;s). 1X2 (CsH7N.S+CsH.,). I6X 

<CsH7NS+C4H7). 154 (CsH7N.S+C,H0. 140 (CsH7N.S+C2( ^ . 126 (CSH7N.S+CH). 113 (C,H7NS). Anal. 

Calcd lor CixHioNjSjBrj: C. 43.4; H. 6.0; N. 5.6. Found: C -3.6; H. 6.1; N, 5.6. Hygro.scopic .solid. Yield. 

96'/. 

1.3- Bis(3-benzothiazolio)propane dibromide (6. n=3): mp 2: 6-23X "C. Ir (KBr) 3090 1010 1640 1590 
1470, 1440, 790 cm 'H Nmr (CDCU/CD,()D); 51 1.2 (.s. : L. 9-7.7 (m, XH). 5.6-5.3 (m, 4H). 3 2-2 9 (m! 
2H). Ms (El)(m//.): 312 (M). 310 (M-2). 2X1 (M-.S-t-H . 269 (M-C^H,). 176 (C7HsNS-t-C,Hc). 162 
(C7H5N.S-KC2H,). 155 (M/2 -H). 149, 1.36 (C7H,.N.S), 12, (C7HS.S). 108 (C,.H4S). Anal. Calcd lor 
C ^^H^(,^^,Ji2^l■2'2/^H2(): C. 42. 1; H. 3.6; N. 5.X. Rumd: C,4\H H, .3.5; N, 5.6. Yield. . 

1.4- Bi.s(3-benzotbiazolio)butane dibromide (6, n=4): mp 37-238 "C. Ir(KBr): 3090. 3010 2960 1590 
1440. 7X0 cm '. 'H RMN (CDCI,/CD,( )D); 8 lO.X (.s, 2H). K 5-7.4 (m. 8H), 5.2-4.X (m. 4H). 2.5-2. i (m. 4H)' 
Ms (El)(m//.): .326 (M). .124 (M*-2). 268 (324-C4H«). I9j ' :C7HsN.S-i-C4H7). 176 (C7H,N.S-t-C,H J. 162 
(C7H<iNS-^C2H,). 149. 1.35 (CtHvN.S). 109 (Q.HvS). Anal. Ci lid lor: C,KH,vN-,.S,Br,.2H,(): C. 4i;4; H. 4 I: 
N. 5.3. Found: C. 41.4; H. 4.2; N: 5.4. Yield, 95%. • i - - 

1.5- Bis(3-benzothiaznlio)pentane dibromide (6. n=5): mp ^ I' "C. Ir (KBr): .10X5. 1610, 15X0 I5(M) 1460 
14.10. 1120. 765 cm '. 'H Nmr (CDCI^CD ,()D): 5 I I.I (s. 21 ), X.5-7.5 (m. XH). 5.0 (bt. J=6 Hz. 4H). 2 5- 1 4 
(dm. 6H). Ms (El)(m//.): .342 (M-t-2). .140 (M), .33X (M-2), 2\ I. 268 (338-C,H,„). 204 (C7H<iNS-«-CcH.,) 190 
(C7HsN.S-hC4H7). I76(C7H,N.S-(-C,H0. 170 (M/2). 162 (C7H NS-i-CjH-,). 150 (CkHxN.S). 1.16 (C7H,NS). 109 
(Cf.HsS). Anal. Calcd for: C,.,H2„N,.S2Br2..1/2H,(): C. 43.3;i A 4.4; N. 5.3. Found: C. 43 4 H 4 2 N 5 "> 
Yield. 54%. - ^ ^ - ^ - 

1.6- Bis(3-benzothiazolio)hexane dibromide (6. n=6): mp \ 2*"-230 "C. Ir (KBr)- 1090 1010 2950 1590 
1450, 14(M). 1.120, 760cm '. 'H Nmr (CD,()D): 5 10.8 {s, 2H , X.6-8.5 -1- 8.1-7.9 (m, 8H); 5.0 (rj=7"H7 4H)' 
2.2 (m , 4H), 1.7 (m . 4H). '^C Nmr (CD,()D): 5 164.2 (Cj )., 141.7. 1.32.9. 131. .1. I.IO.I, 126 I and 119 3 
<Q.Cs.Q,C7C„ and C,). 54.2 (C,„). 29.7 and 26.7 (C,, and 1 ',:,)■ Ms (EI)(m/z): 356 (M+2), .352 (M-2). 26X 
(ba.se peak) (352-C,.H j,). 219 (M-C7H,N.S), 204 (C7H,NS^ ClH.,), 190 (C7H,NS+C4H7). 177 (M/2). 176 
(C7H5N.S-hC^H,). 162 (C7H,N.S+C2H,), 150 (C^H^NS), l| 6; (C7Hf,NS). 109 (Q.HsS). Anal. Calcd lor 
CioH.jNiSsBrj: C,46.7; H, 4:3; N. 5.4. Found: C. 46.5; H. 4.^ Kl. 5.6. Yield. 79%. 

1.7- Bis(3-benzothiazolio)heptane dibromide (6. n=7): mp I 41-143 "C. Ir (KBr): 3060. 30(K). 2930, 1580 
1510. 1460. 14.10. 770. 760 cm '. 'H Nmr (D2()): 5 lO.I (.s, 2 I). 8.4-7.5 (m. 8H). 5.7 (I. J=7 Hz. 4H). 2.2-1.6 
(m. 4H). 1.5-1 (m. 6H). '^C Nmr (CDCI,): 5 163.7 (C,)- 140.6. 131.7. 1.30.9. 129.7. 125 4 and 117 5 
(C4.Cs,Cs,C7.Cx and C,). 53.5 (C,„), 28.9, 27.7 and 25.6 (C|i . C,2, and C,-,)- M.s (EI)(m/z): 370 (M+2), .366 
.M-2). 268 (.WvC.H.j). 2.14 (M-C7H4N.S). 218 (Q H.N.S-nCf.H, ,), 204 {C7H<iN.S-HC5H.,). 190 
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^09'^^^H*S•''^i• ,*S'f''';i?*£'1?'o 'i'^ fcHsNS-fC .ti,). ISO (lase peak) (C,H,NS). 1.16 (CANS) 
Sd 98% ' C2,Hj4N2S2Brj.3/2HjO: C. 5,4; H. 4.9; N. 5J0. Found! C. 45 4; H. ItIn 5 4. 

]«^r2T7Wrf &^>'/); nsi si z^)%"v7Ti„!%%«26'(;'«,!i7K)T,?S' 
pH&'ifB?:%%;'„';v^^N-5.r^i„^^^^^^^^^^ 

rreparabon and characterizadon of AT^'-polymelbi e iebis(tliiazoUnl2-vlidnie)s fShlO >nri f«hu> 

Ms (EI) (m/z): the mass spectrum of Sbis and 6bis wei^ r-rgisiered from the methanolic solution and the 
SL'SiSSuS'Tthji.^'"'"^' ^ -me,5bis: (M^.!). 224. c, rr^ponding to the bis(thiazolin-2!yiK)Tyst?m 
unsubstituted at the nitrogen atoms, with a relative mienstt; of 1/3 of the analogous peak observed in the ms 
' ^^^'^ s<f«es 01 unspecillc peaks due to the fragi wnlation of. the heterocyclic system. 6bis: (M+1) 

^ro'mSrrS^yclic^ste^^^^^ " speciHcVaks 

Benzoin condensations 

Jnnj!ji'^^.nT'^"''*"'* ^^"^ ^^"^ "^^^'^ '^^P^" lixperiments were conducted in anhydrous 

dioxane and an argon atmosphere at KM) "C during 24 h. 1 hi. glc b4nzoin quantification of each eSmcm 

rSeSi;;"paaT9.^^^^^^^^^ '^''^l ' "^^r • ^ ^^^^ 5890 chromafol^TpVtlt'SS wUh 

a Hewlett-Packard 19()91/1()2 high-perl onnance capillary c o;s-linked column. 5% phenylmethylsilicone 25 
m. 0.2 mm .ntemal diameter and connected to a Hewlelt-P, cliard 339()A integrator was S A ten^^^^^ 
program ol 90 "C tor 2 min and then 16 «'C/mi„ up to 3(M) % a id decanol as inSmal staXTweni em^d 
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